Introduction
============

Colorectal cancer (CRC) remains a major health care concern in the United States as well as globally. In 2009, it was the 2^nd^ leading cause of death for both men and women, accounting for an estimated 49,920 deaths[@B1], in addition to being the 4^th^ leading cause of cancer -related death in the world[@B2]. Despite increased efforts in public education about CRC, more widespread availability of early detection methods, and improvements in treatment strategies, these numbers continue to be nearly identical. In fact, it is estimated that in 2012 alone 143,460 people (73,420 men and 70,040 women) will be newly diagnosed with colorectal cancer, along with an additional 51,690 deaths from this disease[@B3]. Apart from these profound medical aspects, CRC has far-reaching effects on the healthcare system as a whole. The medical and societal costs of colorectal cancer are substantial, with estimated direct medical costs for colorectal cancer in 2010 being \$14 billion, and projected costs of up to \$20 billion by 2020[@B4]. Furthermore, in 2006 the estimated lost productivity cost for people who died from CRC was \$15.3 billion, which translates to \$288,468 per person[@B5]. Conversely, while the cost of screening varies, it pales in comparison to those numbers, averaging only \$71 and \$1,397 per person for fecal occult blood testing (FOBT) and colonoscopy, respectively[@B6]. Considering that the pathogenesis of CRC occurs in a staged progression from normal mucosa to carcinoma over a period of 7-10 years, this length of time presents an excellent opportunity to utilize screening methods and detect lesions earlier, prior to the development of cancer[@B9]-[@B11]. Ultimately, the goal of reducing cancer deaths by removing these premalignant lesions and early-localized cancers can be instituted worldwide, resulting in a dramatic reduction in the incidence and mortality of CRC.

Despite this aim, screening for colorectal cancer still remains a significant challenge. On the positive side, a recent US population-based study shows that from 2002 to 2010 the percentage of persons aged 50-75 who were adequately screened for colorectal has increased from 52.3% to 65.4%[@B7]. On the downside, over 1/3^rd^ of people within this at-risk cohort still are never screened. *Healthy People 2020* (HP 2020), a science-based 10-year national goal initiative for improving health, calls for reducing the incidence of CRC to 38.6 per 100,000 population, reducing the death rate to 14.5 per 100,000 population, and increasing the prevalence of CRC screening to 70.5%[@B13]. The causes for non-compliance are not surprisingly multi-factorial, and include physician unawareness, patient beliefs regarding CRC and screening, socio-economic status, and access to care. Each of these aspects, in some manner, makes the military health system (MHS) a unique setting to study implementation programs as well as outcomes. After all, MHS beneficiaries are an ethnically diverse population, encompassing people from all socioeconomic backgrounds, and each with the same opportunity for care. As with other malignancies, the MHS employs CRC screening based off of current national screening guidelines and has reported compliance rates up to 71%. In this review, we will look at several issues surrounding colorectal cancer screening, including the efficacy of different CRC screening methods, attributes and results within the MHS, and current barriers to overcome in the future in order to increase compliance within the US population at large and increase the likelihood of meeting CRC screening goals.

Current Modalities
==================

There are a variety of traditional screening methods available such as Fecal Occult Blood Testing (FOBT), Fecal Immunochemical Testing (FIT), Double Contrast Barium Enema (DCBE), Flexible Sigmoidoscopy (FS) and Colonoscopy (CS). In addition, newer methods such as CT Colonography (CTC) and fecal DNA testing aim to detect both premalignant and malignant lesions. FOBT is the most widely used method and has been studied in depth in several settings [@B14]-[@B16]. FOBT is used to detect the pseudoperoxidase activity of heme either as intact hemoglobin or free heme, although is not specific to human hemoglobin. FIT is similar to FOBT in collection method, yet it is able to detect human hemoglobin by utilizing reverse passive hemoglobin hemeagglutination. The assay uses fixed chicken erythrocytes coated with anti-human hemoglobin antibody. When these treated erythrocytes come into contact with human hemoglobin in fecal samples they agglutinate[@B17]. This makes FIT more specific than FOBT, but at the expense of sensitivity. It has been compared to FOBT (Hemoccult Sensa) in a number of studies with overall sensitivities ranging 70-94% (FIT) and 54-91% (FOBT), respectively [@B18]-[@B22]. Both FOBT and FIT primarily detect cancer, unlike endoscopy-based tests, which are classified as colon cancer prevention tests.

Overall, FIT has been evaluated in several studies. Petrilli et al found a positive predictive value of 7.3% and positive test rate of 4.9%[@B23]. St. John et al reported a sensitivity of 97.2% in 107 patients with known colorectal cancer and a sensitivity of 58% in 81 patients with polyps. The estimated specificity in 1355 screened patients was 97.8% [@B24]. Two studies evaluated the use of FIT in average risk patients. Robinson et al reported positive test rate of 9.7% and PPV of 6.2% for cancer. The specificity for neoplasia was 94.9% but there was insufficient follow-up to determine sensitivity[@B25]. The Kaiser-Oakland study found a sensitivity of 68.8% for cancer (95% CI of 51.1-86.4% and CI 57.0-76.3%, respectively) and 66.7% for polyps \>1cm. Specificity for cancer was reported at 94.4% and polyps greater than 1 cm was 95.2% (95% CI 93.8-94.9% and 94.7-95.7%, respectively). The positive predictive value was 5% and polyps greater than 1 cm was 15.5% (95% CI 3.2-7.6% and 12.3-19.3%, respectively) [@B26]. FOBT has been shown in three separate randomized control trials to decrease colorectal cancer mortality at various rates ranging from 15-33%[@B14]-[@B16]. While available to all patient populations and one of the most cost effective, the FOBT has lower sensitivities and specificity (37.1% to 79.4%) compared to other screening modalities, which have improved with newer versions such as Hemaoccult SENSA, but at the expense of specificity (86.7% vs. 97.7%)[@B26],[@B27]. Hemoccult SENSA is more sensitive than Hemoccult II because of a hydrogen peroxide enhancer, which allows for the detection of lower levels of peroixdase activity. The test also requires strict dietary restrictions as the peroxidase activity in red meat and many vegetables and fruits will cause a false positive. The rehydrated version of Hemoccult II was abandoned in the 1980s by most investigators because a standard rehydration technique had not been established[@B17]. Levin et al studied average risk patients with rehydrated Hemoccult II and found a positive test rate of only 14.7% and positive predictive value for cancer of only 2.6%[@B28].

FS has been available since 1976. There are several randomized controlled trials associated with decreased CRC mortality when using FS. The first is the NORCCAP study, which randomized 41,913 control group and 13,823 to a screening group (6,915 one time FS and 6,908 to FS and FOBT). Although there was no difference in the cumulative hazard of CRC between the screened and control groups after 7-year follow-up, there was reduced mortality of 59% (hazard ratio 0.41, 0.21 to 0.82, P=0.011) for colorectal cancer and by 76% (0.24, 0.08 to 0.76, P=0.016) for rectosigmoid cancer or those in the attender group in per protocol analysis. All cause mortality was similar in both the screening and control group. However this was subjective to a selection bias because the analysis only included patients from the attender group[@B29]. The Telemark study was smaller in scale with only 400 patients, but did demonstrate a reduction in the incidence of CRC in Norway with 10 individuals developing CRC in the control group and two in the screening group (relative risk of 0.2; 95% confidence interval 0.03-0.95, p=0.02)[@B30]. The UK Flexible Sigmoidoscopy Screening Trial study is the most recent study involving 170,000 patients, who were randomly assigned to one-time sigmoidoscopy versus usual care, (112, 939 in the control group and 57,099 in the screening group). After 11.2 years follow-up, incidence of colorectal cancer in people attending screening was reduced by 33% (0.67, 0.60-0.76) and mortality by 43%[@B31]. Despite these findings, FS as a screening modality is decreasing in use as it does not visualize the entire colon and has a sensitivity of only 60% to 70% when compared with colonoscopy[@B30]-[@B33]

Colonoscopy is currently considered the "gold standard" for colorectal screening because it allows for the examination of the entire colon as well as the removal of adenomas that have the potential to transform into cancer. Interestingly, there are currently no prospective randomized control trials that demonstrate a reduction in CRC mortality. A review of the current literature shows that there are both case-control and cohort studies that show a decrease in CRC mortality. One case-control study in a U.S. VA-population demonstrated a 50% reduction in CRC mortality in symptomatic patients[@B34]. The National Polyp Study, a cohort study including 1,418 patients, similarly demonstrated a 76% to 90% reduction in the incidence of CRC after clearing colonoscopy (in which one or more adenomas of the colon or rectum were removed) compared to three concurrent reference populations[@B35].

CT colonography (CTC) or "virtual colonoscopy" was first described in 1994 and involves thin-slice abdominal CT images of an air-filled distended colon that are reconstructed with advanced computer software to create a step-wise display to visualize colonic lesions[@B36],[@B37]. The development of high-speed 64-row detector CTs, multi-planar 3D displays, and improved bowel preparation procedures have led to improved sensitivity for colonic polyp visualization[@B37], [@B48]-[@B50]. These advances have changed the guidelines such that the ACS-MSTF and ACG now recommend CTC every 5 years as an acceptable alternative screening method to colonoscopy[@B38],[@B39]. Drawbacks include the continued need for a cathartic bowel preparation prior to the study, a low (but real) risk of perforation from instillation of air[@B40]-[@B46], as well as the inability to remove polyps if they are found. This would then incur the risk and cost of another procedure, typically colonoscopy, for polypectomy. There are additional concerns related to management and cost of incidental findings on CT[@B47] and the current unknown long-term consequences of radiation exposure.

Another newer screening modality that is available is fecal or stool DNA (sDNA). This modality serves as a non-invasive alternative to colonoscopy when screening for precancerous adenomas by identifying genetic alterations in the initiation of a sequenced progression from adenoma to carcinoma, such as mutations in APC, K-ras, DCC, and p53[@B51]-[@B53]*.*Although other noninvasive studies such as FOBT and FIT have been shown to be sensitive for the detection of CRC, sDNA potentially offers improved sensitivity, specificity, and cancer prevention by the detection of adenomas. The reported sensitivity of sDNA testing (Version 1.0) for the detection of CRC ranges from 52% to 91%, with specificity ranging from 93% to 97%. The sensitivity of sDNA has also been compared to Hemoccult II sensitivity in a large, prospective trial with 2,507 patients. In this study, sDNA testing detected 16 of 31 invasive cancers versus 4 of 31 detected by FOBT (51.6% vs. 12.9%, P=0.003). In a subset analysis of 71 patients with invasive cancer or high-grade dysplastic adenomas, sDNA was significantly more sensitive than FOBT (40.8% vs. 14.1%, P \<0.001), however both tests had lower sensitivities overall for the detection of isolated advanced neoplasia (18% for sDNA vs. 10% for FOBT, P=0.001). Specificity of both tests was similar (94% vs. 95%)^14-15,2618-22,54-55^.

Current Colorectal Screening Guidelines and Future Directions
=============================================================

Several different national and international organizations ranging from the National Cancer Coalition Network (NCCN) to professional societies such as the American College of Gastroenterology (ACG) and American Society of Colon & Rectal Surgeons (ASCRS) provide clinical practice guidelines (CPGs) for the care and prevention of colorectal cancer. The American Cancer Society, the U.S. Multi-Society Task Force on Colorectal Cancer (ACS-MSTF), and the American College of Radiology jointly provide widely quoted screening guidelines for CRC. The ACS-MSTF employ a strategy of a "menu of options" of screening modalities to allow physicians and their patients to have a tailored approach to encourage screening[@B38]. This group favors modalities that are colon cancer prevention tests, meaning that they are geared more for identification of adenomatous polyps. Average-risk individuals should begin cancer screening at the age of 50 and African Americans should begin at the age of 45\--given their younger mean age of presentation and proximal tumor location. Patients may select from the following tests for colon cancer prevention: flexible sigmoidoscopy every 5 years, colonoscopy every 10 years or double contrast barium enema (DCBE) every 5 years---all along with an annual physical examination. For individuals seeking a less invasive modality for screening there are two tests that are aimed more at detecting cancer: annual FOBT and annual fecal immunochemical testing (FIT). A new alternative accepted method of screening is fecal or stool DNA (sDNA) with no time-line established.

Alternatively, the ACG has a "preferred" strategy for CRC screening with cancer prevention methods being offered first. As such, the preferred method is colonoscopy starting at 50 years of age (45 years for African Americans) every 10 years. Alternate methods include: flexible sigmoidoscopy every 5-10 years or CT colonography every 5 years. While not favored, alternate cancer detection tests include annual FIT, annual Hemoccult Sensa or fecal DNA with physical examination every 3 years [@B39].

Recently, the American College of Physicians (ACP) published updated guidelines for screening in which they recommended that high-risk asymptomatic individuals should start their screening at the age of 40. Included in this high-risk group are African Americans[@B56]. Other higher-risk individuals include those with first-degree relatives with diagnosis of colorectal cancer and family history of colorectal cancer before the age of forty. This is a break from the USPSTF guidelines, which recommends screening for African Americans to start at age forty-five[@B57]. Whether or not other groups endorse this recommendation has yet to be seen, and will likely warrant more investigation.

The American College of Gastroenterology (ACG) has included two other sub-groups that warrant "special efforts" to include in colorectal cancer screening: smokers and obese patients. Smoking has been demonstrated to cause increased microsatellite instability[@B58], which is involved in malignant transformation. Smoking is associated with \~20% of colorectal cancer in the United States and studies have shown that patients with more than a 20 pack-year history have a 2-3 fold lifetime increase risk in developing CRC[@B19]. These patients tend to be diagnosed at a younger age and have more advanced disease, as well as more isolated proximal disease[@B60]-[@B61]. This suggests that colonoscopy should be the screening modality of choice in this group. Obesity is another risk factor that has been long associated with colorectal cancer. While the exact mechanism is unknown, obesity may lead to CRC development by several mechanisms. The first is through the secretion of adipokines, which consists of hormones, cytokines and other signaling molecules. Adipokines are responsible for energy balance, inflammation, insulin sensitivity and angiogenesis[@B62]-[@B63], [@B65]. Hyperinsulinemia and IGF-1 are thought to play a role in the development of cancer by inhibiting apoptosis[@B63]. Leptin, a glycoprotein expressed by adipocytes, has also been shown to have a key role in inflammation and carcinogenesis.[@B65] Several studies have reported that both overweight and obese statuses are associated with an increased risk of colorectal cancer[@B58]. There has also been reports of increased presence and size of adenomas \>1cm as well as more high-risk adenomas (i.e., tubuovillous)[@B66]-[@B68], [@B14].

Is Colorectal Cancer Screening Cost-effective?
==============================================

The cost effectiveness of colorectal screening has been studied extensively since the first trial regarding colorectal cancer screening effectiveness was published and the USPSTF first released recommendations urging primary care physicians to screen for colorectal cancer. Lansdorp-Vogelaar et al. recently reviewed 56 studies that analyzed 32 unique colorectal cancer models and their screening strategies. This review sought to answer three questions: a) how do costs and life-years gained (LYG) from colorectal cancer screening with the established screening modalities compare to no screening; b) do the results of the cost-effectiveness analysis of the established screening options point to an optimal strategy of screening and; c) are the newly developed screening tests (i.e., FIT, sDNA, CTC and capsule endoscopy) cost-effective compared with the established CRC screening modalities. The review found that screening for colorectal cancer using the established modalities compared to no screening was still a cost-effective measure, or in some cases cost-saving, and that cost-effectiveness has improved over time. Unfortunately, an optimal cost-effective screening strategy was not apparent, although colonoscopy was favored in half of the studies reviewed. Test costs including endoscopy played important drivers as to which strategy was eventually chosen. Newer available screening modalities such as FIT, sDNA, and CTC were also analyzed for their cost-effectiveness compared to the established screening modalities. FIT was cost-effective compared no screening as well as established screening modalities. CTC is considered cost-effective compared to no screening, but is dominated by the other established screening modalities. Stool DNA has not been compared to no-screening strategies, but when compared to established screening options it was not cost-effective because of availability, cost of analysis and the need for further invasive testing if a test is positive. Although these tests are not cost-effective compared to other available screening modalities, the authors concluded that they are still viable options as they may capture a portion of the screening population that is unable or unwilling to utilize the established modalities and thus increase the adherence rate[@B69].

Disparities in Colorectal Cancer Screening
==========================================

Unfortunately, despite multiple advances in many aspects of CRC, there are still widespread disparities that exist and result in lower CRC screening. Not surprisingly, lack of insurance coverage remains one of the forefront barriers to utilization of CRC screening. Yet, several studies have shown that when insurance coverage is provided for colorectal screening, there are still disparities in age, gender, race and location. This has been demonstrated both in the Medicare population and within the MHS[@B70]-[@B73]. Reasons to this both perceived and actual notion are widespread, and at times, confounding.

Ko and colleagues reviewed Medicare beneficiaries in the state of Washington in 1994, 1995 and 1998 after the initiation of universal coverage for FOBT and 80% of coverage for invasive testing such as colonoscopy and flex sig in high risk individuals. They noted that overall there was under-utilization of CRC screening with less than 6% of individuals getting any type of colorectal cancer screening test and \<4% receiving any screening tests. However, the use of colonoscopy increased from 1994 to 1998, and men, older patients, rural dwellers and African Americans were more likely to get a colonoscopy[@B71].

In 2001 when coverage was extended for colonoscopy and other invasive testing in average-risk individuals, the rate of utilization increased slightly. They found that 9.2% of the screened population had FOBT and were male, in the age group of 70-74 years of age, and resided in a rural setting. Similar to other studies, Hispanics were less likely to get FOBT. While 7.2% of the screened beneficiaries had an invasive test, only 3.5% received the test for CRC screening indications. A test was considered screening if the procedure was coded using the relevant HCPCS or ICD9 codes for screening tests and there were no ICD9 diagnosis codes of gastrointestinal tract symptoms, weight loss, anemia associated with physician visits within the previous 3 months for altered bowel habits, abdominal pain, gastrointestinal bleeding, positive fecal occult blood test, weight loss, iron deficiency anemia, anemia, unspecified. Male beneficiaries aged 70-74 years who were white and urban residents were more likely to get an invasive test. Of the invasive tests, colonoscopy was utilized 58% of the time. Again male, ages 70-74 years, whites and urban residents were more likely to have a colonoscopy as their screening modality. Hispanics were less likely to utilize invasive testing. The results of the study demonstrated that full coverage did not improve disparities in utilization, but colonoscopy was being utilized more once it was covered 100%[@B70]-[@B72]. Whether this was secondary to either reimbursement or coverage issues was not mentioned, though continues to be a topic of debate today.

Brounts and associates demonstrated that within the MHS at a major military medical center, the compliance rate with CRC screening was 71%. In the study, the demographics consisted of 50% were male and 42% were older than 65 years of age. The ethnic breakdown was 69% white, 14% African Americans, 12% Hispanic and 5% other. Further analysis revealed that men, Caucasians and patients older than 65 years were utilizing CRC screening in greater amounts, despite the fact that all demographics had similar access to the testing. Colonoscopy was used 40% of the time for CRC screening and was the most common screening modality chosen[@B73].

These findings suggest that although there is gradual increase in the rate of utilization of CRC screening overall, there is still a disparity between gender, age, race and residence. Males who are older than 65 to 70 years of age residing in an urban location are more likely to be screened and use colonoscopy as a modality for this screening. Somewhat surprising, within the MHS the findings are similar, suggesting that access may not the primary reason for lack of screening, but may extend to other issues such as patient education, personal beliefs or reasons that have not been determined.

Colorectal Screening Among Different Minority Groups
====================================================

African Americans have the highest incidence of CRC of any racial or ethnic group and survival from CRC in African Americans is consistently lower than in Whites in the literature. From 1996 to 2000, incidence rates in African Americans were 12.3% higher than those of Whites\--9.5% higher in African American males compared to white males and 17.5% higher in female African Americans compared to white females[@B74]. The reasons for higher incidence rates in African Americans are unclear. Physical inactivity, dietary and nutritional factors, variability in screening rates, lower use of diagnostic testing and increased smoking have all been implicated[@B75]. Mean age of presentation of CRC in African Americans in lower when compared to whites and a higher proportion of African Americans present at \<50yrs of age. Theuer et al. found that 10.6% of African Americans vs. 5.5% of Whites presented before the age of fifty. African Americans also have been found to decrease survival with a greater proportion presenting with advanced disease[@B76]. Factors cited have been lower screening rates, less use of diagnostic tests and less access to health care. For the above stated reasons, the recommended screening age for average risk individuals who are African Americans is forty-five. Treatment of advanced disease also varies between African Americans and Whites in the public sector, which again demonstrates decreased survival in African Americans. This is not the case in equal access populations such as the VA health system or MHS in which there is either no or minimal differences in survival when compared to Whites[@B77]. Some of the barriers to screening specifically within the African American population include: limited knowledge of how CRC may personally effect an individual, adverse attitudes toward physical examination techniques to detect CRC such as the DRE as well as the belief or skepticism regarding the underlying intent of White physicians for patients of different ethnic backgrounds (Tuskegee Effect) [@B78].

Hispanics are the largest and fastest growing ethnic group in the U.S[@B79]. However, there have been documented disparities in cancer screening utilization and compliance. As a result, Hispanic men are more likely to be diagnosed with more advanced malignancy, and have poorer cancer-specific survival compared to White non-Hispanic men[@B80]-[@B82]. This has significant public health implications. In 1999, the CDC initiated a Screen for Life multi-year campaign to educate adults older than 50 years about the importance of regular colorectal cancer screening and increase cancer-screening rates in all ethnic groups[@B84]-[@B86]. Annual health surveys were conducted and Zhou et al analyzed the results of the 2000 and 2005 cancer control modules to asses whether colorectal, prostate and skin cancer screening rates had varied overtime for the Hispanic population. They found that Hispanics were less likely to comply with current cancer screening recommendations when compared to White non-Hispanic men, although there was an overall increase in colorectal screening and use of endoscopy in all ethnic groups[@B87]. This was consistent with previous studies using NHIS data. The disparity seen in Hispanics is likely multi-factorial to include as lower socioeconomic status, lower education, lower acculturation, cultural and language barriers in seeking and obtaining cancer information, and less access to healthcare services[@B87]-[@B93], [@B74]. It may also be difficult to accurately assess this patient population for cancer screening, as they are more likely to respond to screening questions or surveys in a socially desirable manner and may actually over-report[@B94],[@B95].

Within the Asian American population, there are also decreased screening rates when compared to Whites, however the precise reasons for sub-optimal screening among this group are not known and very few population studies have been completed regarding cancer screening in the last decade. Homayoon et al looked at Asian American communities in California and found that there was a screening rate of 58% compared to 66% of whites, with the Filipino and Japanese sub-groups having cancer screening rates similar to Whites. As an overall group, demographic factors such as insurance status, English proficiency and site of birth did not contribute the disparity. The reasons for decreased screening appeared to be varied according certain sub-groups with Korean and Chinese Americans demonstrating a lack of understanding regarding the importance of CRC and its impact on the individual but in Vietnamese populations, access to care and lack of insurance was the found to be related to decreased diagnostic screening rates. It appears that the main driver in the Asian population group overall is related to a lack of awareness regarding the importance of preventive health measures[@B96].

While there are significant variations in CRC screening based on ethnicity categories, this should not be surprising. Such a wide array of factors play a role in the attitudes and actions of individual patients---these are magnified when any large group of people are "clumped" together---especially in regards to race. Yet this doesn\'t take away from the fact that CRC screening rates, and ultimately outcomes, are worse in Hispanics and African Americans. Although targeted education and screening programs have seen some benefit towards ameliorating this disparity, much more remains to be done to lessen this gap.

The Military Health System
==========================

The Military Health System or MHS provides healthcare to active duty and retired US military personnel and their dependents[@B97]-[@B99]. Its primary mission is to provide health support for the full range of military operations and sustain the health of all 9.6 million beneficiaries assigned to it. TRICARE is a component of the MHS that provides civilian healthcare for all beneficiaries not involved in contingency or combat operations. The MHS comprises of 65 hospitals and 412 outpatient clinics, in addition to contingency and combat-theater operations worldwide\--all with an operating budget of \$46 billion[@B100],[@B101]. This is in contrast with the Veterans Administration health system or VHS, which cares for primarily military veterans, and rarely some dependents, based off of a system of eight priority groups. Grouping is determined by a percentage of service-connected disabilities or illness at time of separation[@B102]. Those in the first three priority groups have greater access to care then the remaining five. It has 152 medical centers and 1,400 outpatient clinics servicing 8.3 million veterans per year[@B103]. The patient population tends to overall male and older; however, this is changing as a result of the recent wars in Afghanistan and Iraq where women have played an ever-increasing role.

Currently, the MHS has a multi-modality, population-based strategy for CRC screening. Brounts et al reviewed institutional data from a major military medical center that demonstrated an increasing use of colonoscopy compared to FS and DBCE. As stated, colonoscopy was used 40% of the time for CRC screening and was the most common screening modality chosen[@B73]. Patients were screened in various settings, both episodic formats such as the doctor\'s office in multiple specialties, as well as through outreach programs such as annual health fairs and mailed reminders. The use of the military\'s electronic medical record, AHLTA, assists with electronic reminders for providers in patient encounters. In addition, there is use of the Military Health System Population Health Portal, a secure web-based tool that is utilized by the Army Medical Department (AMEDD) that assists in population health and system improvement. It can identify Tricare beneficiaries that are behind in suggested preventive clinical management services ranging from diabetic care, mammography and colorectal cancer screening[@B73]. As the result of both in-house and outreach tools, more patients within the MHS are being screened at a rate of 71% compared to 65% screening rate within the civilian population. As previous studies have shown, access to care is not the only barrier to being screened for CRC, but instead gender, age, race and socioeconomic status can also be limiting factors. The MHS has likely improved its screening rate by utilizing technology, multiple screening modalities that are part of a population screening strategy and community outreach via mailed reminders and health fairs that offer opportunities to both screen and educate patients. The next steps in the MHS to increase CRC screening are targeted education and screening campaigns to minority groups, such as African Americans and Hispanics, which have lower overall screening rates despite having equal access to care, as well as, patients younger than 65. Colonoscopy remains the favored modality both for screening and therapeutic reasons, but should not be the only one utilized as the MHS attempts to capture a greater patient population.

Colorectal Screening Strategies in Socialized Healthcare: Population-Based Strategies
=====================================================================================

The VA Health system (VHS) currently favors the use of FOBT over colonoscopy[@B102]. Although the reason for this is unclear, it may be related to availability of FOBT compared to colonoscopy, local VA policies or patients may be utilizing colonoscopy as a screening method as a Medicare patient. The VHS uses their EMR, Vista, to screen patients for cancer screening and other preventive measures, and approach the patient during office visits. Recently, the San Diego VA and New Mexico VA system has made attempts at decentralization of CRC screening by adopting outreach programs[@B105],[@B106]. In San Diego a blinded RCT was conducted in which patients were sent mailed reminders after picking up their FOBT cards to increase compliance. The primary outcome was the number of returned cards after 6 months. In the intervention group, FOBT cards were returned in 64.6%, with more than 90% returning the cards in the first 90 days compared to the control group with a 48.4% return rate. Cost-effectiveness of the intervention was also reviewed. Total cost was \$962 or \$2.49 per patient, with an incremental cost of \$15 per additional patient screened[@B105]. The New Mexico VA identified CRC screening through doctor visits as a system barrier in a 2011 study and conducted a RCT in which patients were mailed FIT and FOBT cards after being contacted via phone or mail in the intervention groups or continued with usual care in the control group. The study found that control patients were less likely to undergo FOBT, more likely to receive care in a community based outpatient clinic (CBOC) and less likely to be non-Hispanic white. Screening occurred less often in the control groups averaging 17% in the control groups compared to 48.5% in the intervention group[@B106]. The estimated cost was \$240[@B107].

The VHS utilizes a population-based strategy and has begun to focus on decentralized outreach programs in order to improve their screening rate. There is a tiered approach with the FOBT forming the basis of CRC screening, but the availability of other modalities continues to allow for multiple opportunities to screen. Again there is the issue of decreased screening rates in minorities that is present throughout the United States and remains a real challenge for all systems. There may also be a de-facto access to care barrier as VA patients receive care based on their priority grouping. Patients that are in the fifth through eighth priority group may only receive care for certain service-related conditions and therefore may not have access to all screening modalities so cost-effective screening strategies such as FOBT may allow for more veterans to be screened

The National Health System is the publicly funded health system of the United Kingdom and is funded through general taxation rather than insurance payments. All legal residents of the United Kingdom are eligible for comprehensive healthcare to include doctor visits, nursing services, hospital inpatient stay and services, mental health services, surgical procedures or appliances, consumables such as medications, supplies, imaging such as X-rays, CT or MRI scans[@B108]. In 2006, the NHS initiated the National Bowel Cancer Screening Program (NBCSP), which utilized biennial FOBT testing on patients aged 60-69 years of age with follow on endoscopy for abnormal tests. As of 2011, one million FOBT have been performed with uptake at 50-60% in the provinces and 40% in London. Cancer was found in 11.6% and 7.8% men and women, respectively, and high-risk adenomas were detected in 43% and 29% of men and women, respectively[@B109]. The UK Flexible Sigmoidoscopy trial recently reported its results with a reduction in 36% distal CRC and 2% distal CRC and a 31% reduction in mortality in the intention to treat analysis. Number needed to screen to prevent cancer was 191[@B31]. The results of this trial were confirmed by the Italian SCORE trial in which 9,911 subjects were screened using a once flexible sigmoidoscopy in a similar age group. Incidence of CRC in the intervention group was decreased by 18% and mortality was non-significantly reduced by 22% compared to the control group[@B110],[@B111]. Cost-effectiveness of the UK trial has been analyzed by Lansdorp et al and more recently by Whyte et al who utilized a state transition model and CRC natural history model simultaneously, and found that single FS showed the greatest QALY at the age of 55 years with a combined strategy of FS and FOBT showing improved benefits and economic outcomes[@B69], [@B112].

The NHS utilizes biennial FOBT as the basis of their screening program, but with the recent UK Flexible trial and SCORE trial results, it remains to be seen whether single FS will be adopted by the NBSCP as an additional at this time, but the trial results are encouraging.

Moiel et al. recently reviewed Kaiser-Permante Northwest (KPNW) colorectal screening strategy over the past 30 years starting in 1980 and made 6 different changes in preferred screening modalities based off of best practices. KPNW provides medical care to 500,000 beneficiaries from the southwest Washington, Portland and Salem, Oregon areas. They began their colorectal screening program in 1980 with office-based FOBT with a screening detection rate of 5% and then switched to home-based FOBT in 1985. In 1995 national guidelines began to favor endoscopic based testing and flexible sigmoidoscopy became the screening modality of choice. In the 2006, colonoscopy replaced flexible sigmoidoscopy, but the screening detection rate fell to 5%, despite increasing in-reach and outreach programs, number of endoscopists and increasing the number of CRC early stage detection. This resulted in a switch from individual screening strategy to a population-based screening strategy in which KPNW returned to FOBT use. Subsequently, they then switched to FIT in the 2010, and coupled this with an aggressive in-reach and outreach program directed at both patients and healthcare providers. By 2010, the screening detection rate had increased to 33%. The number of colonoscopies performed increased as well, but reflected the number of scopes performed because of positive FOBT and FIT. KPNW also examined current metrics such as the number of tests performed, stage of disease and percentage of screen-detected cases using their Tumor registry to assess the success of their screening strategy. They noted that the number of tests and stage of disease did not accurately reflect the success of screening efforts[@B113]. The new screening strategy and improvement in successful detection rate demonstrates the importance of continuously reviewing screening options for screening populations, and emphasizes the need for both in-reach and out-reach programs to increase the CRC screening rate**.**

Conclusion
==========

The goal of any method early cancer detection is to discover cancer at its earliest stage, or ideally in the pre-malignant phase. A good cancer-screening test is one that is not only accurate and specific, but also widely accepted by the screening population. While colonoscopy has been the "preferred screening method", it is not the only effective method in terms of reducing incidence and mortality from colorectal cancer, as other modalities such as FOBT and flexible sigmoidoscopy have demonstrated in large randomized control trials. Colonoscopy, while accurate and effective in preventing colorectal cancer by polypectomy, misses a portion of the screening population either due to availability or patient non-preference. Whether this is related to cultural belief, cost reasons, access to care, or other factors is open to debate, and likely multi-factorial. The cost-effectiveness of colorectal screening compared to no screening has been proven in multiple analyses with some modalities showing greater benefit over others. Many socialized healthcare systems as well as a large managed care organization have adopted a population-based strategies in an effort to capture more of their screening populations. The MHS currently supports a population-based strategy with a robust in-reach and outreach programs through electronic medical records with electronic reminder system, the MHS Population Health Portal, patient and provider education campaigns, as well as health fairs with multiple screening modalities available to patients. In order to reduce to the incidence and mortality of colorectal cancer it is more important to screen as many patients as possible with a screening modality that is safe, effective and amenable to the patient both with cost and comfort rather than attempting to screen with the best test.
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